SUMMARY: Forty-five strains of Vibrio fetus were examined for streptomycin sensitivity; in most cases, growth was inhibited by concentrations ranging from 0*5-20pg./ml. Streptomycin resistance was found in 6 strains. By the replica plating technique it was shown, in the case of 1 strain, that resistance was due to spontaneous mutation which occurred in the absence of streptomycin. Wide variations were found in the concentrations of both penicillin and streptomycin which inhibited growth, some strains being insensitive to high concentrations of the antibiotics. It is not known whether these strains were naturally insensitive or had acquired a resistance as a result of the widespread use of antibiotics for animal therapy. The development of drug-fastness has been described for many bacterial species ; this has recently been reviewed by Schnitzer & Grunberg (1957). In the present work, the sensitivity of V. fetus to streptomycin and the emergence of streptomycinresistant mutants is described.
. Wide variations were found in the concentrations of both penicillin and streptomycin which inhibited growth, some strains being insensitive to high concentrations of the antibiotics. It is not known whether these strains were naturally insensitive or had acquired a resistance as a result of the widespread use of antibiotics for animal therapy. The development of drug-fastness has been described for many bacterial species ; this has recently been reviewed by Schnitzer & Grunberg (1957) . In the present work, the sensitivity of V. fetus to streptomycin and the emergence of streptomycinresistant mutants is described.
METHODS
Organisms used. Most of the strains of Vibrio fetus studied had been isolated from the vaginal mucus of infected heifers during diagnostic work already reported (Morgan, 1956; Morgan Melrose & Stewart, 1958) . The remainder were stock strains received from laboratories in this country and America. All strains were routinely maintained in Brewer's medium and subcultured every 4 weeks.
Antibiotic media. Streptomycin (CaC1, complex, Glaxo Laboratories Ltd., Greenford, Middlesex) was used. A stock solution (expressed as pg. of the free baselml.) was made in distilled water and used fresh. Both liquid and solid media containing antibiotics were used and were made as follows.
Brewer's medium. The required volume of the stock solution of streptomycin was added to 100 ml. volumes of the medium and then dispensed in 7.5 ml. volumes in screw-capped bottles. Control tubes, consisting of Brewer's medium without streptomycin, were also set up and all the tubes were incubated overnight to confirm their sterility before use on the following day.
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Organisms for inocula were grown for 3 days on 'thio blood agar' (see below) in 8 02. medical flats. The growth was checked for purity and then suspended in 5 ml. nutrient broth, One drop was then added to each dilution of the antibiotic in Brewer's medium and to two control tubes. All tubes were incubated at 37" aerobically and examined for evidence of growth daily for 7 days. In all cases where growth occurred, smears were examined and subcultures made on ' thio blood agar ' to check for purity and viability.
Thio blood agar. Nutrient agar containing 0.1 % (w/v) sodium thioglycollate (Morgan, 1957) was melted, cooled to 56' and 10% (v/v) defibrinated sheep blood added. Streptomycin plates were made by adding the required volume of streptomycin solution to this melted blood agar and pouring into Petri dishes. All plates were dried overnight in the incubator before use.
Plates were inoculated with one drop of a 3-day growth in Brewer's medium of the strains to be tested and each plate was inoculated with 8 different strains. In all cases, control plates made from the same batch of medium but not containing streptomycin were also inoculated. All plates were incubated at 37" in jars containing 90 % (v/v) air + 10 % (v/v) CO, and examined after 3 and 7 days of incubation.
Estimatim of total number of bacteria. This was done by the method of Miles & Misra (1938) , with a pipette calibrated to deliver 0.02 ml./drop. Thio blood agar was used for the estimation of the total number of organisms and thio blood agar containing streptomycin (100, 50, 25,ug./d.) for the total number of resistant organisms.
Replica plating technique. The technique described by Lederberg & Lederberg (1952) was used with the modifications described by Sneath (1955) . Sterile velvet was mounted on a wooden block and two sterile pins were used as markers. Strain Langford was spread on a thio blood agar plate and incubated for 72 hr. a t 37" in 90 yo (v/v) air+lO % (v/v) CO,. The sterile velvet was gently pressed on this plate and then pressed in succession on further plates containing 100 pg. streptomycin/ml. as well as on a control plate without antibiotic. All plates were then incubated at 37" in the air+CO, mixture and examined after 3 and 7 days of incubation. By using the markers, the position of the resistant colonies on the original plate (not containing streptomycin) was estimated and these colonies were then subcultured on fresh thio blood agar and incubated. This procedure was repeated until a pure culture of resistant organisms was obtained.
RESULTS

Sensitivity of Vibrio fetus to streptomycin
Forty-five strains of Vibrio fetus were examined by the tube-dilution method in Brewer's medium and by the plate method. In Brewer's medium, the concentration of streptomycin which inhibited growth varied from 1 to 2Opg./ml. and, by the plate method, the range was from 0.5 to 10 pg./ml. In general, the results obtained by the two methods were in fair agreement for any particular strain although differences did occur. With some strains, however, a few colonies were observed on the plates containing 100, 50, 25, 10 and 5 pg streptomycin/ml., with profuse growth on the control plates and on the plate containing 1 pg. streptomycin/ml. Similarly, in the Brewer's medium, it was found that growth occurred in some of the tubes containing high concentrations of streptomycin after 2 days of incubation; in the control tubes, growth regularly occurred after incubation for 24 hr. In all cases, smears showed that the growth consisted of vibrios, and subcultures were made in fresh Brewer's medium. These strains were re-examined by both methods and the results are given in Table 1 streptomycin resistance in liquid and on solid media whereas, with the other three strains (Langford 2; DT74; 1980), resistance was observed only in liquid medium.
The growths on the media containing streptomycin were subcultured into Brewer's medium and these cultures were labelled according to the tube or plate from which they were obtained, e.g. Langford 50 denotes colonies of strain Langford from the plate containing 50 pg. streptomycin/ml. After three subcultures in Brewer's medium, all the resistant cultures so isolated were again examined for streptomycin sensitivity by the plate method. In all cases, profuse growth occurred on all the streptomycin plates including the one with 500 pg./ml. It was also observed that the culture initially isolated from the plate containing 5 pg./ml. was as resistant as one isolated from the plate containing 100 pg./ml., showing that there was no stepwise increase in sensitivity in these experiments.
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Experiment to demonstrate the mutational origin of streptomycin resistance
This was done by the replica plating technique on strain Langford. At the first 'cycle' nine colonies were observed on the streptomycin plates. At the subsequent cycles the number of colonies on the streptomycin plates varied from about six to sixty, and this was probably due to the difficulty of picking only the parent resistant colony from the 'original' plates not containing streptomycin. Eventually, however, a resistant culture was obtained which had never been in contact with streptomycin, After numerous subcultures in Brewer's medium as well as ' thio blood agar ', profuse growth still occurred in the presence of 500 ,ug./ml. streptomycin.
The proportion of mutants in strain Langford
The proportion of mutants in strain Langford was estimated by finding the total viable counts on streptomycin plates and on control plates. The results obtained are shown in Table 2 . A resistant organism was found once in approximately every 7 x lo6 organisms, irrespective of the concentration of streptomycin in the medium used for making the counts. No. of resistant organisms = 1 x 50 x 2 = lOOlml. cc =profuse growth.
= 6.7 x 10*/ml.
All the streptomycin-resistant strains obtained during this work resembled the parent cultures in producing catalase and not producing hydrogen sulphide and were agglutinated by sera produced against the parent strains.
DISCUSSION
Strains of Vibrio fetzcs resistant to high concentrations of streptomycin were described by Mundt (1956), but it is not known whether these were naturally insensitive strains or not. In the present work, growth of strains of V. fetus was inhibited by concentrations of streptomycin from 0-5 to 20 ,ug./ml., but streptomycin resistance occurred in 6 strains. Three of these strains showed resistant colonies by the plate method and all 6 showed the development of resistance in Brewer's medium, but growth did not always occur in all the tubes. The replica plating technique was used by Lederberg & Lederberg (1952) in order to demonstrate the spontaneous mutational origin of Escherichia coli organisms resistant to streptomycin and to bacteriophage. This technique was used by Goldstein (1954) and Sneath (1955) to demonstrate the mutational origin of drug-resistant organisms. The advantage of the technique is that the indirectly selected populations are not exposed at all to the specific agent. By using this technique, it was possible to obtain a mutant of V. fetus which was resistant to 500 pug. streptomycin/ml. without previous contact with the antibiotic.
